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Contrary to the post-war period where growth and
catching-up with the United States could largely be
achieved through accumulation of production fac-
tors and from assimilating existing technologies,
once European countries had moved closer to the
technology frontier,1 innovation has become the
main engine of growth. In other words, the balance
between imitation and innovation has shifted in
favour of the second.At the heart of this ability to in-
novate lie all those factors that lead either to the in-
troduction of new products (product innovation) or
to the introduction of new production processes
(process innovation).Additionally, a greater propor-
tion of that innovation is radical rather than incre-
mental (OECD 2004c, 82). According to the Sapir
Report, “growth becomes driven by innovation at
the frontier and fast adaptation to technical pro-
gress” (Sapir et al. 2004, 38).
The current study tries to shed some light on this hy-
pothesis by analysing the 22 most important OECD
countries within the last decade in order to answer the
question, whether the economies at the technological
frontier that had the highest rates of economic growth
in recent years have indeed the best frameworks to in-
novate.Even if different international organizations –
European Commission and OECD, for example –
have conducted a range of very useful benchmarking
exercises in the area of innovation2 (European Com-
mission 2004a; OECD 2004b), this question has not
been analysed in depth by now to our knowledge.
Our study uses the United States as the benchmark
economy.3 The position of the US as the most tech-
nologically advanced country (European Commis-
sion 2004b, 174–177) results from the fact that it, in
common with many European countries, has high
hourly productivity rates, whilst it has, at the same
time and in contrast to many European states, high-
er work volumes (Sapir et al. 2004, 34–35). Ob-
viously,the trade-off between productivity and work
volumes that is so apparent in much of Europe does
not arise in the US.4
Our analysis demonstrates that, for countries at the
technological frontier,the existing conditions for inno-
vation have a significant effect on current growth rates.
Human resources, financing possibilities as well as the
institutional regulation of product and labour markets
have a prominent position amongst those factors that
influence innovation. At the technological frontier,
those countries with high rates of growth also distin-
guish themselves from those with low rates of growth
on important measures of innovation. Significant dif-
ferences between the two groups of countries exist in
the numbers of university graduates (including those
in particularly important subjects, such as mathemat-
ics, sciences and technology – in short MST subjects),
the availability of venture capital,the amount invested
in information and communication technologies
(ICT),the general conditions in which firms operate as
well as in their demographic developments.Even if the
other indicators of innovation are considered,it can be
shown that the average ranking on such measures is
correlated with economic growth rates after the end of
the boom in the new economy.
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1 Several European countries were able,above all in the immediate
post-War decades, to pursue successfully a process of catching up.
It was, thereby, possible to reach the technological frontier in im-
portant areas. However, the growth that is attributable to catching
up came to an end,at the latest,at the beginning of the 1980s when
the easy gains from imitating and incrementally improving existing
technologies were exhausted and demand became saturated for the
output of leading industries.A decrease in the importance both of
imitating successful economies and of simple incremental innova-
tions for economic growth are inextricably linked with the ending
of catching up process (see Sapir et al. 2004, 35–37).
2 Such benchmarks show the position of various national eco-
nomies across a range of measures of innovation;they do not,how-
ever, provide an overall ranking based on those indicators that are
most relevant for economic growth.
3 Above all, we choose Germany as the base country, as it was the
laggard among the countries analysed here.If growth rates over the
last ten years are averaged out, then Germany, with, in real terms,
an annualized growth rate in per capita GDP of only 1.2 percent,is
last amongst 22 OECD countries.
4The US and other successful economies have managed to increase
their productivity rates, despite increasing their rates of employ-
ment. This also applies to the low-skilled in the US. This implies
that the US has obviously been more successful at transforming in-
ventions in basic science into growth-enhancing innovations. High
rates of hourly productivity alone are no indication of being a tech-
nological frontrunner. Several European countries, of which
Germany is a good example, have high levels of labour productivi-
ty per hour; at the same time, however, they exhibit low levels of
employment. Other countries that have higher employment levels
have lower hourly productivity rates.capital as the key drivers for long-run growth. They
stress not only the importance of ‘own’ innovation
but also the capacity to imitate and to absorb exter-
nally available know-how. Institutional factors and
framework conditions are seen as an important part
of the ‘innovative system’ in which innovative firms
operate” (European Commission 2004, 175). There
appears to be an emerging consensus that a narrow
view of innovation (“science should somehow cause
innovation”) is inappropriate (Arnold and Thuriaux
2002, 1) and needs to be replaced by a broader view
of innovation.
“Innovation is a fundamentally economic process.
Schumpeter called innovation ‘a new combination of
factors of production’.This can be the result of an in-
vention. But it can equally involve the exploitation
of new natural resources,copying an idea from a dis-
tant market, or describing an old product in a new
way. Entrepreneurship – the act of making innova-
tions – is not something related to science and re-
search, but about changing the rules of the game in
economic competition. Exploiting an invention is,
therefore, an important special case of innovation,
but it is not the general case. Economists see innov-
ative activity as a driver of economic development
because it provokes imitation. Innovation forces
competitors to react – often in creative ways involv-
ing improvement and ‘innovating around’ the first
innovator’s design to erode the ‘supernormal’ profit
of the original innovator. Innovations give rise to
changes in the economy, which may be several times
larger than the effect of the original innovator. The
main driver of economic growth is therefore the pro-
cess by which change diffuses through the economy”
(Arnold and Thuriaux 2002, 2).
In other words, an economy’s “national innovation
capacity”is appropriately defined “as the ability of a
nation to not only produce new ideas but also to
commercialize a flow of innovative technologies
over the longer term” (European Commission 2004,
175). It is vital that conditions for innovation and
diffusion are approached as a whole (Arnold and
Thuriaux 2003, 8). In the words of Jan Fagerberg
(2003, 17):“Innovation processes are inter-temporal
by nature.Current innovations depend on past inno-
vations, and future innovations will depend on cur-
rent innovations. This means that there may be a
strong aspect of path dependency in innovation
processes. Radical innovations open up new paths
for future innovation activities and can dramatically
influence what can be done profitably. Consequent-
ly: innovation and diffusion should be seen as an in-
tegrated process. It does not make sense to separate
innovation and diffusion policy because a number of
innovations occur in the wake of radical innovation
and these only achieve economic impact as part of
the diffusion process.What is important for innova-
tion policy is to approach innovation as an integrat-
ed whole...; it is important to get on the bandwagon
early, because as time goes by requirements become
increasingly difficult to meet and unless one can
jump on early it may be difficult to catch up at all be-
cause of the accumulated advantages associated
with path dependency.”
The arguments mentioned above have important
repercussions for analysing the preconditions and ef-
fects of innovation empirically,as the incentive to en-
gage in innovative investments, which involve risky
experimentation and learning in particular at the
technological frontier, is itself strongly affected by
the economic environment (Sapir et al. 2004, 38).At
least three implications result from such a broad per-
spective of innovation: firstly, it appears reasonable
to link the rates of economic growth of countries to
the conditions for innovation and diffusion, as is
quite common nowadays (see e.g. Acemoglu et al.
2002; Fagerberg 2005; Fehn 2004). Secondly, al-
though in each and every country there will be spe-
cific factors at work (see e.g. Boyer 2004), these will
not be in focus here.Rather we will attempt to single
out some general factors related to innovation ca-
pacity that may be of interest when debating the dif-
ferences across countries in economic performance.
These important innovation dimensions are human
resources, financing conditions and more general
framework conditions, for example in product and
labour markets. The factors of innovation in this
study are clearly multidimensional and, therefore,
rather difficult to handle. Hence, we shall identify
four reliable innovation input indicators for each of
the three dimensions, express these in a comparable
format and weigh them together, giving each indica-
tor and dimension an equal weight in the calculation
of the composite ranking indicator, which will be
computed as an average rank of the single indicators
in this article.Admittedly, there is an element of ar-
bitrariness involved in such a calculation.This analy-
sis may,for example,have a problem of omitted vari-
able bias, which is, however, alleviated by using sev-
eral different indicators for each dimension.
Moreover, it would of course have been preferable
to have prior knowledge about the true weights to
use. Lacking such information, it appeared least ar-
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bitrary to give each variable equal
weight. Finally, it should be noted
that the general approach we
adopt here will – in line with the
broad definition of innovation we
follow – not only measures the di-
rect effects of innovation activity
(understood in a narrow sense as
technological progress) on output
but also indirect effects on out-
put, such as reductions of techni-
cal inefficiency and improve-
ments in allocative efficiency that
cannot be separated empirically
(see van Ark 2003, 10–13).
Innovation at the technological frontier: Catch-up
states, growth stars and laggards
A recent study (Acemoglu et al. 2002) shows that the
closer a country finds itself to the global cutting edge
of technology,the more important radical innovations
combined with fast adaptation to technical progress
in all sectors become for economic growth.The basic
conditions that promote the flow of radical innova-
tions are of particular importance. By contrast, the
importance of the ability to imitate others is severely
reduced. According to this approach, the factors af-
fecting innovation are of relatively little importance
for economic growth in countries that are a long way
from the technological frontier (catch-up countries);
however, in national economies that are close to this
technological frontier these factors are of decisive im-
portance for growth.The following empirical analysis
is based on this general empirical approach.
Per capita gross domestic product (GDP) will be a
proxy for the technological advancement of a coun-
try. The US will be defined as the benchmark for
technological advancement.Therefore, the US GDP
per capita  will be normalized to 1. In connection
with their growth rates over the last ten years,the 22
OECD countries considered here can be grouped in-
to three categories (Figure 1).
• States that are catching up:in the first group,coun-
tries can be found that have a relatively low level of
per capita GDP and, at the same time, exhibit real
GDP growth rates of more than 2 percent. These
countries, such as Ireland, South Korea, Greece
and Spain,can be described as states that are catch-
ing up. What also distinguishes these countries
from most other countries is the fact that their
rates of per capita GDP were less than two thirds
of the US’s level in 1994. This group of countries
can profit significantly from imitating more suc-
cessful economies and by incremental innovation.
• Growth stars:a second group of countries is char-
acterized, firstly, by real GDP growth rates of
over 2 per cent and,secondly,by already high lev-
els of per capita GDP. This group can be de-
scribed as growth stars. Over the last decade,
Finland, Sweden, Australia, the UK, Norway,
Canada and the US have belonged to this group.
These states have, despite a relatively high tech-
nological level, high rates of economic growth.
• Laggards: a third group of countries, which are
characterized by growth rates of less than 2 per
cent, can be described as laggards. Belgium,
Austria, the Netherlands, Denmark, France, Italy,
Switzerland, Japan and Germany belong to this
group. These countries are, because of their high
levels of per capita GDP, undoubtedly highly de-
veloped economies. They, therefore, find them-
selves largely at the technological frontier. They
have not, however, been able to take sufficient ad-
vantage of the opportunities for growth that have
existed over the last decade.
Conditions for innovation
The growth stars as well as the laggards are, as
groups of countries that are operating at the techno-
logical frontier, more dependent on radical innova-
tions and fast adaptation to technical progress in all
sectors for economic growth.This raises a couple of
main questions. Firstly, what are the conditions that
have the most favourable effects on growth? Sec-
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Figure 1of growth between 1994 and 2004 have the best
frameworks for innovation and did countries which
offer better conditions for innovation exhibit higher
rates of growth in the later years of the period? By
considering more recent years, influences will be ex-
cluded that, firstly, may have promoted innovation
during the boom in the area of information and com-
munication technologies (ICT) (the so-called new
economy boom), but that may distort evaluations of
the innovation factors in the medium term.
From a theoretical perspective,variations,in particu-
lar,in conditions for radical innovation play a central
role in explaining the differences in growth rates be-
tween countries.These conditions cover:
Human resources. In the case of human capital, a
paper by Aghion, Meghier and Vandenrusche
(2003) demonstrates that, for 19 OECD countries
between 1960 and 2000, the impact of the share of
the population that is highly skilled on economic
growth increases as the distance to technological
frontier declines.
Financing possibilities.The role of finance and in-
vestment for innovation and growth is shown in pa-
pers by Levine (1997) and by Bassanini and
Scarpetta (2002). The latter show that technological
change – embodied by new ICT capital goods – has
been a primary source of output and productivity
growth in ICT-using sectors.
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Table 1 
An international comparisonof human resources
Persons with a tertiary
education as a percent-
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percentage of the 
population aged be-










in % Rank in % Rank Value Rank in % Rank
Growth stars
Finland 33 4  1.9 4  1,785  2  5.8  11 
Australia 31 6  1.3 8  1,659  4  6.0 8 
Sweden 33 4  2.8 1  1,267  8  6.5 4 
Norway  31  6 1.1  11  703  16 6.4  5 
UK 27  11 1.6  6  1,727 3 5.5  13 
Canada 43  1 n.a. n.a. 855
c) 12  6.1  7 
US 38 2  1.3 8  928  11  7.3 2 
Laggards
Denmark 27 10  0.9 14 799  14  7.1  3 
Austria  14  20 1.7  5  528  20 5.8  11 
Belgium 28  9 1.1  11  674  18 6.4  5 
Netherlands 24  15 1.3  8  653  19 4.9  18 
France  24  15 1.4  7  1,609 5 6.0  8 
Italy  10 21  0.5 20 703  16  5.3 15 
Germany  23  18 2.0  3  721  15 5.3  15 
Japan 36  3 0.7  18  1,074 9 4.6  20 
Switzerland 25  13 2.6  2  838
c) 13  5.3  15 
Catch-up states
Ireland 25  13 0.8  17  1,514 6 4.5  21 
Korea  26 12  0.9 14  1,788 1  8.2  1 
Greece  18 19  0.7 18 n.a. n.a. 4.1 22 
Spain 24 15  1.0 13 935  10  4.9 18 
Portugal 9 22  n.a. n.a. n.a. n.a. 5.9 10 
New Zealand 30  8 0.9  14  1,497 7 5.5  13 
Average values on the measures of human resources for the three groups of countries
Growth stars 34 1  1.7 1  1,275  1  6.2 1 
Laggards 23 2  1.4 2  844  2  5.6 2 
Catch-up
states 22 3  0.9 3  n.a. n.a. 5.5 3 
The data relate mostly to 2002.
a) Those who have successfully completed a post-graduate research degree.– 
b) Graduates of mathematics, engineering, the 
life sciences and technology. Values for Canada are for 2000 and for Switzerland are for 1998. – 
c) 2000.
 Source: OECD (12004e).CESifo DICE Report 3/2005 47
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General framework conditions. The role of regula-
tions for innovation and growth is shown in papers
by Scarpetta and Tressel (2004) and by Nicoletti and
Scarpetta (2003).There is evidence that high labour
adjustment costs can have a strong negative impact
on productivity. Such costs can, in particular, reduce
incentives for innovation and the adoption of new
technologies, and lead to lower productivity perfor-
mance, when institutional settings do not allow
wages or internal training to offset high hiring and
firing costs. Reforms promoting private governance
and competition tend to boost productivity.Both pri-
vatisation and market-entry liberalisation are esti-
mated to have a positive impact on productivity.
As mentioned above, the performance of an innova-
tion system cannot sensibly be explained by one soli-
tary factor.Therefore, in order to evaluate the forces
that promote innovation within a national economy,it
is necessary to look at a bundle of factors as explained
above. Due to the research design, it will not be pos-
sible, here, to cover the measures of the output of in-
novation that do not include the effects of research
and development on the national economy. In other
words, measures such as the number of new patents
will not be discussed here. This paper aims to elabo-
rate the link between basic input factors within an in-
novation system and economic growth per capita.
Human resources
The share of the population that is highly qualified is
of particular importance for the ability to innovate,
as mentioned above (Aghion et al.2003).If the tech-
nological distance to the leading national economies
is great,then the share of the population that is high-
ly qualified has,empirically,hardly any role to play in
influencing economic growth. This is because imita-
tion and incremental innovation dominate.The share
of the population that is highly qualified,the share of
the population with a post-graduate research qualifi-
cation, the numbers of successful candidates in
mathematics, sciences and technology, and invest-
ments in education are important measures that can
be used as indicators of a national economy’s human
resources.
If the three groups of countries are considered,it can
be shown that the group of growth stars performs
considerably better on these measures of human
capital than the average for the group of laggards
(Table 1).The share of the population aged between
25 and 64 that has a tertiary education is, at 34 per-
cent in the former group of countries, nearly a third
higher than the figure for the laggards. Similarly, the
number of graduates in mathematics, sciences and
technology per 100,000 employees aged between 25
and 34 is considerably higher amongst growth stars
than it is amongst the laggards.Moreover,the former
group of countries have a higher share of graduates
who have completed post-graduate research degrees
amongst those of typical graduating age. Indeed, the
growth stars invest more, as a percentage of GDP, in
education than the laggards.
The performance of the growth stars and the lag-
gards differs significantly on the indicator measuring
“persons with a tertiary education” and on the
“MST” indicator. However, there is no significant
difference between growth stars and laggards on in-
vestments in education and the share of the popula-
tion with a doctorate.5
Financing possibilities
Technological advancement has been regarded,for a
very long time, as a significant driver of growth; this
is especially true in more recent growth theories that
use two-sector models of the economy (Romer 1990;
Grossman and Helpman 1991; Aghion and Howitt
1992). In such models, the goods sector of the econ-
omy manufactures products, and the factors of pro-
duction (capital, labour and technological knowl-
edge) are utilized. In the area of research and devel-
opment (R&D), capital, labour and existing techno-
logical knowledge are similarly used; here, however,
new technological knowledge is the output. By in-
vesting more in this sector, a higher rate of growth
can be achieved;market imperfections can,however,
lead to a sub-optimal supply of R&D (Romer 1996).
Expenditure on R&D as a percentage of GDP and the
investment in ICT represent important indicators of
investment and, therefore, the financing of innova-
tions;this is particularly true for governments’ promo-
tion of research and knowledge in the area of basic sci-
ence. This is, to a large extent, supported by govern-
ments and is carried out at universities and other re-
search institutes (BMBF 2004, 167). One reason for
the role of government in this area might be that free
market mechanisms do not generate enough of such
“products” because of their public-goods character.
Moreover, state subsidies can fundamentally improve
5The p-value of the t-test that the means for the two groups are dif-
ferent is, for investments in education, 0.1 and, for the share of the
population with a doctorate, 0.375.the sub-optimal supply of innovations. However, for
political-economic reasons and because of the risks of
inefficient demands for subsidies so funding should be
treated with care; this becomes increasingly important
as the tasks of R&D become more application orient-
ed (Farhauer and Henke 2002).A large amount of ven-
ture capital (even if it represents only a relatively small
percentage of GDP) can, most readily, enable radical
innovations which, as a result of the current structural
changes in economies, obviously have a greater effect
on growth than incremental innovations do.
Moreover, venture capital can increase the rate at
which new companies are founded. Such companies,
amongst other things, make a significant contribu-
tion to innovation as they are able to choose the
most productive combination of factors of produc-
tion.Unlike established companies,new firms do not
have any costs associated with adaptation (for exam-
ple,training,redundancies) when they introduce new
technologies and production methods.The establish-
ment of new companies also exerts competitive pres-
sures on existing ones; the latter are then spurred on
to create innovations (OECD 2004c, 88).
If an examination is made of the extent to which the
growth stars and the laggards differ on the measures
of financing and investment, the means across all
four indicators are better for the growth stars than
the laggards.The differences in average values for in-
vestments in ICT and venture capital are statistical-
ly significant.6 
In the availability of venture capital in the early and
expansionary phases the growth stars dominate.
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Table 2 
An international comparison of financing conditions




Tax relief per R&D 
dollar spent in large
firms
b) (2001)
Share of GDP that is






in % Rank in US$ Rank in % Rank in % Rank
Growth stars
Finland 3.46
d) 2 –0.01 13 0.138 8 17.5 10
Australia 1.54 16 0.20 3 0.093 14 19.9 6
Sweden 4.27
e)g) 1 –0.01 13 0.207 5 21.6 3
Norway 1.67 15 –0.02 18 0.125 10 n.a. n.a.
UK 1.88 14 0.10 8 0.219 4 22.8 2
Canada 1.91 12 0.17 4 0.251 2 21.4 4
US 2.67
h) 5 0.07 10 0.492 1 30.1 1
Laggards
Denmark 2.52 7 0.11 7 0.082 16 19.1 7
Austria 1.93 11 0.12 6 0.044 21 12.8 16
Belgium 2.17
e) 10 –0.01 13 0.172 7 17.5 10
Netherlands 1.89
e) 13 0.10 8 0.241 3 20.9 5
France 2.20 9 0.06 11 0.119 11 12.6 17
Italy 1.11
e) 19 –0.03 21 0.076 17 16.1 12
Germany 2.52 7 –0.02 18 0.127 9 17.6 9
Japan 3.12 3 0.01 12 0.020 22 17.8 8
Switzerland 2.57
d) 6 –0.01 13 0.085 15 n.,a n,a,
Catch-up states
Ireland 1.15
e) 18 n.a. n.a. 0.114 12 14.6 15
Korea 2.91
f) 4 0.13 5 0.202 6 n.a. n.a.
Greece 0.65
e) 22 –0.01 13 0.059 20 15.7 13
Spain 1.03 20 0.44 1 0.095 13 15.5 14
Portugal 0.93 21 0.34 2 0.066 19 11.4 18
New Zealand 1.18
e) 17 –0.02 18 0.069 18 n.a. n.a.
Average values of the financing measures for the three different groups
Growth stars 2.49 1 0.07 2 0.218 1 22.2 1
Laggards 2.22 2 0.04 3 0.107 2 16.8 2
Catch-up states 1.31 3 0.18 1 0.101 3 n.a. n.a.
a) Research anddevelopment. – 
b) Equivalent to the tax relief on every dollar spent on R&D in large companies. –
c) In-
formation and Communication Technologies. –
d) 2000. – 
e) 2001. – 
f) R&D expenditures in the humanities and the social
sciences have been excluded. – 
g) Underestimated values. –
h) So-called capital expenditures have been excluded.
Source: OECD, 2004b; Cologne Institute for Economic Research IW.
6 The p-value of the t-test on mean equivalence is, for tax relief on
R&D, 0.4, and, for investments in R&D, just under 0.6; this indi-
cates that there are no statistically significant differences between
the two groups on these two measures.CESifo DICE Report 3/2005 49
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Younger firms have there a far better climate in
which to fund their expansions from external
sources. For the growth stars, venture capital
amounted to, on average, 0.218 per cent of GDP be-
tween 1998 and 2001. In the laggard countries, not
even half that amount was available to establish new
companies.These latter countries had to be satisfied
with venture capital that amounted to approximate-
ly 0.1 per cent of GDP only.More recently,the group
of growth stars have also invested in new ICT; these
not only contribute towards higher productivity and
growth, but also represent an important infrastruc-
ture for the wide diffusion of advanced technologies
(OECD 2004c, 77). Whilst, for the growth stars, in-
vestment in ICT amounted to, on average, 22.2 per-
cent of their fixed investment, this figure was a mere
16.8 per cent for the laggards.
Despite the fact that, on average, the growth stars
perform better on indicators that measure invest-
ments in R&D and tax relief on R&D, there are
states with low rates of growth that perform well on
such indicators, and there are also states that have
high rates of growth with relatively poor records in
these areas. For instance, Switzerland, Japan,
Germany, Denmark and France, which are all lag-
gards, invest more in R&D than Canada, the UK,
Norway and Australia, which are growth stars.
Similarly, Austria, Denmark and the Netherlands,
which are laggards, offer far greater tax relief on in-
vestments in R&D than Finland, Sweden and
Norway, which belong to the group of growth stars.
General framework conditions
The general conditions for companies are of great
importance for the potential success of new tech-
nologies as such investments are associated with
great uncertainties. These risks can, in general, be
managed better in a situation in which there are few-
er labour-market regulations. Flexible markets, fur-
thermore, create incentives for highly qualified
young people to use their knowledge to create new
knowledge; this means that they will not use their
knowledge in socially unproductive rent seeking
(Murphy, Shleifer and Vishny 1991).
Nonetheless, the growth stars Finland, Sweden and
Norway have higher levels of labour-market regula-
tion than many other growth stars.These latter coun-
tries are,however,typical small open economies with
particularly high trade openness and labour demand
elasticities that may be, due to lower insider power
to set wages above market-clearing levels,not direct-
ly comparable in this respect with larger economies
(Brandt et al. 2005, 65).
However, the other regulatory conditions for compa-
nies are better in the growth stars. A ranking of the
conditions for firms (Matthes and Schröder 2005),
which is based on World Bank data (World Bank
2004) and which does not take into consideration
labour market flexibility, shows that the growth stars
perform significantly better than the laggards and
those states that are catching up.This measure covers
data on the founding of companies,the registration of
homes and property, the availability of credit, the dis-
closure requirements of public limited companies,the
extent to which contracts are upheld, and the laws on
insolvency.
Equally, the age structure of the population is of
great importance for the willingness to innovate, as
a younger population shifts the political majority in
the direction of more innovative production meth-
ods (Gehrig 2000, 570–571). Of particular impor-
tance for the renewal of human capital is the ratio
of pupils and students to the total number of em-
ployees.This indicator shows how strongly the basis
of human capital as a share of total employment is
being refreshed. It is, first and foremost, demo-
graphic developments that influence these factors.
States whose populations are aging quickly have a
paucity of younger people who, as carriers of newly
created knowledge, are particularly important in
driving radical innovations. A demographically
more favourable age structure creates more impe-
tus for innovation when the education system is of a
high quality so that those starting work for the first
time have a high level of competence.The results of
the PISA studies for OECD countries in literacy,
mathematics and the natural sciences are important
measures of the quality of the education system
(OECD 2004d).
To sum up, the growth stars perform on net better in
their general conditions for innovation than both the
laggards and those states that are catching up (Table
3).The growth stars exhibit significantly better aver-
ages for indicators that measure the general product,
capital market and bureaucracy environments in
which firms operate and that capture demographic
developments.7
7 The p-value of the t-test on mean equivalence is, for labour-mar-
ket regulation,0.122,and,for the quality of the education system as
measured by PISA,0.394.This means that the growth stars and lag-
gards are not significantly different on these two measures.Overall evaluation of the drivers of innovation
If the average values for all the measures are con-
sidered, Canada performs the best. Then follow the
US, the UK, Sweden, Finland and Australia (Table
4). It is only Norway from the group of growth stars
that does not occupy a leading position.The nation-
al economies with a high per capita real income lev-
el and low levels of economic growth (the laggards)
are positioned at the bottom of the list. From this
group, Belgium performs the best. It is followed by
Denmark, the Netherlands, Japan, Switzerland,
France, Germany,Austria, and, well behind the oth-
er countries,Italy.The group of catch-up states is led
by Korea, New Zealand and Ireland. These three
countries perform better than the majority of the
laggards. The catch-up states Spain, Portugal and
Greece follow a long way behind, and are near the
foot of the list.
Finally, the core hypothesis of this evaluation should
be assessed.According to that hypothesis, the condi-
tions for innovation should have a strong effect on
the growth rates of those states that are close to the
technological frontier. In other words, as explained
in the basic theoretical approach above (Acemoglu
et al. 2002), conditions for radical innovations are of
significant importance for growth stars and laggards.
Figure 2 supports this hypothesis. The average posi-
tion for all of the measures of innovation used here
(which mainly portray the conditions for innovation
between 2000 and 2003) has a statistically significant
effect on the growth rate in per capita GDP between
2000 and 2004.
The current study aims at selecting,according to the-
oretical considerations,indicators from a range of in-
novation benchmarks provided by the OECD; the
selected measures can then be used in an analysis to
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Table 3 













d) Rank Index Rank in % Rank Value Rank
Growth stars
Finland 2.1 11 52.3 7 63 9 545 1
Australia 1.5 6 55.8 5 80 1 525 5
Sweden 2.6 17 52.6 6 64 7 510 10
Norway 2.6 17 59.2 2 59 13 493 16
UK 1.1 2 58.0 3 74 3 n.a. n.a.
Canada 1.1 2 50.2 9 n.a. n.a. 526 4
US 0.7 1 57.2 4 64 7 490 17
Laggards
Denmark 1.8 8 45.9 14 56 14 494 15
Austria 2.2 12 44.6 17 52 19 496 14
Belgium 2.5 15 44.6 17 74 3 515 8
Netherlands 2.3 13 49.0 10 54 15 525 5
France 2.9 19 43.5 19 65 6 506 12
Italy 2.4 14 39.2 20 54 15 476 19
Germany 2.5 15 44.8 16 53 17 499 13
Japan 1.8 8 51.4 8 44 20 527 3
Switzerland 1.6 7 47.1 13 44 20 513 9
Catch-up states
Ireland 1.3 4 48.4 11 70 5 508 11
Korea 2.0 10 44.9 15 61 10 538 2
Greece 2.9 19 31.3 22 60 11 466 21
Spain 3.1 21 47.4 12 60 11 484 18
Portugal 3.5 22 34.0 21 53 17 471 20
New Zealand 1.3 4 59.3 1 77 2 522 7
Average values for the measures of general conditions
Growth stars 1.7 1 55.0 1 67 1 515 1
Laggards 2.2 2 45.6 2 55 3 506 2
Catch-up states 2.4 3 44.2 3 63 2 498 3
a) Without labour market regulation. Range of the index: median of the individual measures = 50. –
b) Employees aged
between 25 and 64. –
c) Results in literacy, mathematics and the natural sciences. OECD average = 500. –
d) Range of the index: from 0 (few regulations) to 6 (highly regulated).
Source: OECD, 2004a; 2004d; 2004e; Matthes/Schröder, 2004; Cologne Institute for Economic Research IW.CESifo DICE Report 3/2005 51
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determine whether or not there is a statistical rela-
tionship between the country’s average rank on such
indicators and its macro-economic growth rate.If the
measure of human capital alone were selected, the
R2 measure would take an even higher value. It can,
therefore,be tentatively concluded that human capi-
tal plays a particularly important role in innovation
and growth.
It can,however,certainly be argued that those growth
stars between 1994 and 2004 were also the fastest
growing national economies between 2000 and 2004.
The categorization of states according to their growth
rates would appear, therefore, not to have been af-
fected by the ebb and flow of the new economy.Those
countries that grew strongly over the whole time pe-
riod considered here had, at the start of this millenni-
um, good conditions for innovation, and were also
able between 2000 and 2004 to achieve a higher rate
of growth than those states that, on the innovation
measures, had worse values.
Final remarks
The 22 OECD countries in the current study grew,
on average, by 2.4 percent. Leading positions were
taken by Ireland and South Korea, which because of
their relatively low starting positions in 1994 were,to
a large extent, still able to profit from a process of
catching up.This catching up was characterized, first
and foremost,by investments in already existing and
predominantly labour-intensive technologies. Such a
strategy is, however, no option for countries at the
technological frontier.In highly developed industrial
countries, the ability to innovate and a fast diffusion
of these innovations as well as adaptation to techni-
cal progress plays, in comparison to imitation, an in-
creasingly important role.
If Germany or, indeed, any other highly developed
country with a poor growth record wants to increase
its growth potential, it needs to improve the condi-
tions for innovations at the technological frontier and
the fast diffusion of these innovations. Improvements
in human capital and the de-regulation of product
markets should be of the highest priority. In particu-
lar, the government bureaucracy (including economi-
cally not sound subsidies) must be reduced consider-
ably. In addition, more venture capital should be
made available,and incentives to invest in ICT should
be increased.A further level-headed de-regulation of
the labour market and improved
incentives in the welfare state so
that innovators can find workers
that match their new technologies
more quickly could make an addi-
tional contribution to an improve-
ment in performance on growth
and innovation.
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